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BACKGROUND OF THE INVENTION 
This invention relates in general to vehicular brake systems, and in particular 
to control valves for electronically controlled vehicular brake systems. 
20 Electronically controlled brake systems for vehicles are well known. A 

typical electronically controEed brake system includes a hydraulic control unit 
(HCU) connected in fluid communication between a master cylinder and a plurality 
of wheel brake assemblies. The HCU includes a housing containing control valves 
and other components such as a pump for selectively controlling pressure to the 
25 wheel brake assembhes. 

The control valves are generally formed as electronically controlled solenoid 
valves. A typical solenoid valve includes a cylindrical armature slidably disposed in 



a tube or a sleeve for movement relative to a valve body. The armature may be 
biased in a fully open or closed position. The typical solenoid valve further includes 
a coil subassembly that generates a magnetic flux for moving the armature from the 
biased fully open position or closed position to a closed position or fiiUy open 
5 position, respectively. 

These types of control valves are generally used to control brake fluid 
pressure during non-base braking events, such as anti-lock, traction control, and 
vehicle stability contiol modes. However, because these types of valves are 
designed to operate generally in only the fully open and closed positions they do not 
10 provide "proportional" contiol characteristics desirable for contioUing brake fluid 
pressure during base ("normal") braking events. As such, these types of solenoid 
valves are generally not well suited for applications in which the brake fluid pressure 
is electionically controlled during base braking events. 

Other types of prior art valves, such as spool valves, have been proposed 
15 which are capable of providing desirable proportional control characteristics for 

electioiucally controlling brake fluid pressure during base braking events. However, 
these types of valves are relatively expensive. 

Accordingly there is a need for a control valve used in electionically 
contiolled vehicular brake systems that is relatively inexpensive and provides for 
20 proportional contiol of brake fluid pressure during base braking events. 

SUMMARY OF THE INVENTION 
The invention relates to a contiol valve for vehicular brake systems. The 
contiol valve includes a magnetic pole member. An armature is slidably supported 
25 relative to the magnetic pole member for movement between a fiilly open position 
and a closed position. A biasing spring is disposed between the magnetic pole 
member and the armature for forcing the armature away from the magnetic pole 
member. A coil is placed about the magnetic pole member and the armature for 
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inducing a magnetic field for moving the annature toward the magnetic pole 
member. One of either of the magnetic pole member or the armature has a recess for 
non-contactingly receiving the other when the armature moves between the fully 
open and closed positions. The control valve can be embodied as a normally open 
valve or a normally closed valve. 

Various objects and advantages of this invention will become apparent to 
those skilled in the art fi-om the following detailed description of the preferred 
embodiments, when read in light of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a vehicular brake system including a 
hydraulic control unit having control valves according to this invention. 

FIG. 2 is a sectional view of a normally open control valve according to the 
present invention illustrated in an energized closed position. 

FIG. 3 is a sectional view of a normally closed control valve according to the 
present invention illustrated in a non-energized closed position. 

FIG. 4 is a sectional view of a second embodiment of a normally open control 
valve according to this invention illustrated in an energized closed position. 

FIG. 5 is a sectional view of a second embodiment of a normally closed 
control valve according to the present invention illustrated in a non-energized closed 
position. 

FIG. 6 is a sectional view of a third embodiment of a normally closed control 
valve according to the present invention illustrated in a non-energized closed 
position. 

FIG. 7 is an enlarged portion of the control valve of FIG. 6 bounded by the 
circle A. 

FIG. 8 is a sectional view of a normally open control valve according to the 
present invention illustrated in an energized closed position. 



FIG. 9 is a sectional \dew of a normally open proportional valve according to 
the present invention illustrated in an non-energized open position. 

FIG. 10 is an enlarged portion of the proportional valve of FIG. 9 bounded by 
the circle labeled FIG. 10. 
5 FIG. lOA is a view similar to FIG. 10, except with the armatiire and pole 

member positioned to more clearly depict an axial flux gap. 

FIG. 1 1 is a view similar to FIG. 10, except with the valve illustrated in a 
energized closed position. 

FIG. 12 is a sectional view of a normally open proportional valve according 
10 to the present invention illustrated in an non-energized position. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A vehicular brake system is shown generally at 10 in FIG. 1 . The brake 
system 10 includes a hydrauUc control unit (HCU), indicated generally at 12, 
15 connected in fluid communication with a fluid supply source 14 and a pluralit>^ of 
wheel brake assembhes indicated generally at 16 (only one shown). A first pressure 
sensor 17 is a connected in fluid communication with each of the wheel brakes. The 
wheel brake assembly 16 is shown as a disc brake 16. Alternatively, the wheel brake 
assembly 16 may be a drum brake or any other known vehicular wheel brake 
20 assembly. 

The HCU 12 includes a housing 18 containing a plurality of brake circuits 20. 
Each brake circuit 20 includes a set of components for controlhng the brake pressure 
of at least one of the wheel brake assemblies 16. For purposes of clarity of 
illustration, only one brake circuit 20 is illustrated. 
25 The brake circuit 20, as shown, includes a pump 22 having a pump inlet 24 

and a pump outlet 26. The pump inlet 24 is connected in fluid communication with 
the fluid supply source 14. The pump outlet 26 is connected in fluid communication 
with a second pressure sensor 27, an accumulator 28 and an inlet 30 of a cutoff valve 
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32. The accumulator 28 is also connected in fluid communication with the inlet 30 
of the cutoff valve 32. An outlet 34 of the cutoff valve 32 is connected in fluid 
communication with an inlet 36 of an isolation valve 38. An outlet 40 of the 
isolation valve 38 is connected in fluid communication with the wheel brake 
5 assembly 16 and an inlet 42 of a dump valve 44. The inlet 42 of the dump valve 44 
is also connected in fluid communication with the wheel brake assembly 16. An 
outlet 46 of the dump valve 44 is connected in fluid communication with the fluid 
supply source 14. 

The pump 20 and accumulator 28 are of well-known types. Preferably, the 
1 0 cutoff valve 32 is a bi-positionable control valve movable between opened and 
closed positions. Preferably, the isolation valve 38 and the dump valve 44 are 
embodied as normally closed and normally open control valves, respectively. 
Alternatively, the isolation valve 38 may be embodied as a normally open control 
valve and/or the dump valve 44 may be embodied as a normally closed control 
15 valve. 

It is understood that for other vehicular brake systems the HCU 12 may 
include additional, less or differing components. Such components may be placed in 
different fluid communication arrangements depending on the specified performance 
requirements and/or fiinctions provided by the designated vehicular brake system. 

20 FIG. 2 illustrates the structure of a normally open control valve 48 according 

to this invention. The control valve 48 may be employed as the isolation valve 38 
and/or the dump valve 44 schematically shown in FIG. 1. The control valve 48 
includes a magnetic pole member or cylindrical valve body 50 having a first end 52 
and a second end 54. The valve body 50 is fixedly disposed in the housing 18 with a 

25 portion of the valve body 50 adjacent to the second end 54 extending fi-om the 
housing 18. An inlet fluid passage 56 extends fi-om the first end 52 to the second 
end 54 through a central portion of the valve body 50. The opening of the inlet fluid 
passage 56 at the first end 52 aligns with a conduit 58 formed in the housing 18. 
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When the control valve 48 is employed as the isolation valve 38, the conduit 58 is 
adapted for placement in fluid communication with the outlet 34 of the cutoff valve 
32. When employing the control valve 48 as the dump valve 44, the conduit 58 is 
adapted for placement in fluid communication with the outlet 40 of the isolation 
5 valve 38 and the wheel brake assembly 16. A filter assembly 60 is pressed into the 
opening at the first end 52 for filtering particulate fi^om the fluid entering the control 
valve 48. The filter assembly 60 is optional. 

A portion of the inlet fluid passage 56 extending inwardly firom the second 
end 54 of the valve body 50 forms a valve seat 62. Preferably, the valve seat 62 is 

10 conical. Alternatively, the valve seat 62 may be of any suitable shape. A portion of 
the valve body 50 directly adjacent to the second end 54 tapers outwardly fi:om the 
second end 54 forming a frustum 63 . As described below, the frustum 63 forms an 
extending portion of the valve body 50. A plurahly of outlet fluid passages 64 
extend from an outer surface of the frustum 63 to an annular recess 65 formed in the 

15 valve body 50. The aimular recess 65 aligns with a conduit 66 formed in the housing 
18. When the control valve 48 is employed as the isolation valve 38, the conduit 66 
is adapted for placement in fluid communication with the wheel brake assembly 16 
and the uilet 42 of the dump valve 44. When employing the control valve 48 as the 
dump valve 44, the conduit 66 is adapted for placement in fluid communication with 

20 the fluid supply source 14. 

A first annular groove 68 is formed in the valve body 50 between the first 
end 52 and the annular recess 65. A first seal 70 is disposed in the first groove 68 
for preventing fluid from flowing outside the valve body 50 between the first end 52 
and the annular recess 65. A second annular groove 72 is formed in the valve body 

25 50 between the second end 54 and the annular recess 65. A second seal 74 is 
disposed in the second groove 72 for preventing fluid from the annular recess 65 
from escaping the housing 18. The first and second seals 70, 74 may be of any 
suitable type, such as O-rings. 
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The control valve 48 furdier includes an araiature 76 slidably disposed in a 
sleeve 78 for movement between a fully open position and a closed position. The 
sleeve 78 has an open end and a closed end 80. The open end of the sleeve 78 
receives a portion of the valve body 50 adjacent to the second end 54. The sleeve 78 
5 is secured to a stepped portion 82 of the valve body 50. Preferably, the sleeve 78 is 
laser welded to the stepped portion 82 so as to provide a fluid tight seal between the 
sleeve 78 and valve body 50. 

An conical shaped recess 84 complementary to the frustum 63 is formed at 
the end of the armature 76 adjacent to the frustum 63 for receiving the frustum 63 

10 when the armature 76 moves from the ftilly open position to the closed position. An 
axial bore 86 aligning with the inlet fluid passage 56 is formed in the armature 76. A 
valve ball 88 is pressed into the bore 86 with a portion of the valve ball 88 extending 
from the bore 86. The valve ball 88 engages the valve seat 62 when the armature 76 
is in the closed position as illustrated in FIG. 2, such that a gap is maintained 

15 between the frustum 63 and the recess 84. The valve ball 88 is substantially non- 
deformable and sized to block fluid from flowing from the inlet fluid passage 56 to 
the outiet fluid passages 64 when in the closed position. The valve ball 88 is 
preferably non-magnetic, but may be magnetic. 

As shown, the opening of the bore 86 is flush with the base of the recess 84. 

20 Alternatively, the material surrounding the opening of the bore 86 may extend 

outwardly away from the base of the recess 84 for the purpose of increasing the gap 
or distance between the frustum 63 and the recess 84 at the closed position. 

A biasing spring 90 is placed about the valve body 50 between the stepped 
portion 82 and the frustum 63 . One end of the biasing spring 90 engages an inner 

25 collar of the stepped portion 82 and the other end of the biasing spring 90 engages an 
end of the armature 76 adjacent to the valve body 50. The biasing spring 90 
resilientiy biases the armature 76 in the frilly open position such that the valve baU 
88 is fijlly spaced from the valve seat 62. 
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Axial troughs 92 are formed along the perimeter of the armature 76 for 
providing a fluid passageway between the ends of the armature 76. The troughs 92 
prevent a fluid lock-up condition inhibiting the rapid displacement of the armature 
76 relative to the valve body 50. 
5 The control valve 48 further includes a solenoid subassembly, indicated 

generally at 94. The solenoid subassembly 94 includes a cylindrical casing 96 
having an open end and a partially enclosed end 98 that includes a tumed-in flange 
100. A coil 102 is disposed within the casing 96. The coil 102 is shown wound 
upon a bobbin 104, but may be used without the bobbin 104. When energized, the 

1 0 coil 102 induces a magnetic flux between the armature 76 and the valve body 50 for 
moving the armature 76 from the fully open position to the closed position. A flux 
ring 106 is pressed into the casing 96 adjacent to the open end of the casing 96 for 
securing the bobbin 104. Winding terminals 108a and 108b extend outwardly 
through respective openings formed in the partially enclosed end 98. The terminals 

1 5 108a, 108b are adapted for connection to an electronic module (not shown) of a 
well-known type. 

The solenoid subassembly 94 is placed about the sleeve 78 and a portion of 
the valve body 50 extending from the housuig 18. The solenoid subassembly 94 is 
held in place by any desired means, such as by a module cap (not shown) of a well- 

20 known type. 

FIG. 3 illustrates the structure of a normally closed control valve 109 
accorditig to this invention. As mentioned above, the control valve 109 may be 
employed as the isolation valve 38 and/or the dump valve 44 schematically shown in 
FIG. 1. The control valve 109 includes a generally cylindrical valve body 1 10 

25 havmg a first end 1 12 and a second end 1 14. The valve body 1 10 is fixedly disposed 
in the housing 18 with a portion adjacent to second end 1 14 extending from the 
housitig 18. An inlet fluid passage 1 15 extends between the ends 1 12, 1 14 through a 
central portion of the valve body 1 10. The opening of the inlet fluid passage 1 15 at 
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the first end 112 aligns with a conduit 116 fomied in the housing 18. When the 
control valve 109 is employed as the isolation valve 38, the conduit 1 16 is adapted 
for placement in fluid communication with the outlet 34 of the cutoff valve 32. 
When employing the control valve 109 as the dump valve 44, the conduit 1 16 is 
5 adapted for placement in fluid communication with the outlet 40 of the isolation 
valve 38 and the "v^eel brake assembly 16. An optional filter assembly (not shown), 
such as the filter assembly 60 shown in FIG. 2, may be pressed into the opening at 
the first end 1 12. The opening of the inlet fluid passage 1 15 at the second end 1 14 
forms a valve seat 117. Preferably, the valve seat 1 17 is conical. Alternatively, the 
10 valve seat 1 17 may be of any suitable shape. 

A plurality of outlet fluid passages 1 18 are formed in the valve body 100. 
3 Each outiet fluid passages 118 includes an opening at the second end 1 14 and an 

'■J opening adjoining an annular chamber 1 19 formed between the first and second ends 

1 12, 1 14, which is bounded by the outer surface of the valve body 1 10 and a 
z. 15 counterbore formed in the housing 18. A conduit 120 formed in the housing 18 is 

placed in fluid communication with the chamber 119. When the control valve 109 is 
~- employed as the isolation valve 38, the conduit 120 is adapted for placement in fluid 

^ communication with the wheel brake assembly 16 and the inlet 42 of the dump valve 

^ 44. When employing the control valve 109 as the dump valve 44, the conduit 120 is 

20 adapted for placement in fluid communication with the fluid supply source 14. 

An annular groove 122 is formed in the valve body 110 between the first end 
1 12 and the chamber 119. A first seal 124 of any suitable type is disposed in the 
first groove 122 for preventing fluid fi^om flowing outside the valve body 110 
between the first end 1 12 and the chamber 1 19. The valve body 1 10 fiirther includes 
25 an annular flange 123 adjacent to the second end 1 14. The annular flange 123 is 
sealably secured within a counterbore formed in the housing 18. 

The control valve 109 further includes an armature 128 having a first end 130 
and a second end 132 shdably disposed in a tube 134 for movement between a 
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closed position and a fully open position. The tube 134 receives a portion of the 
valve body 1 10 such that the second end 1 14 of the valve body 1 10 is adjacent to the 
first end 130 of the armature 128. The tube 134 is preferably laser welded to the 
valve body 110 so as to provide a fluid tight seal. 

An axial bore 136 aligning with the inlet fluid passage 1 15 is formed in the 
first end 130 of the armature 128. A valve ball 138 is pressed into the bore 136 with 
a portion of the valve ball 138 extending firom the bore 136. The valve ball 138 
engages the valve seat 117 when the armature 128 is in the closed position as 
illustrated in FIG. 3, such that a gap is maintained between the armature 128 and the 
openings of the outlet fluid passages 1 18 at the second end 1 14. The valve ball 138 
is substantially non-defonnable and sized to block fluid fi:om flowing fi-om the outiet 
fluid passages 1 18 to the inlet fluid passage 1 15 when in the closed position. A 
cylindrically shaped recess 140 is formed in the second end 132 of the armature 128. 

The control valve 109 further includes a magnetic pole member or cylindrical 
core element 142 extending from and sealably secured to the tube 134 adjacent to 
the second end 132 of the armature 128. The core element 142 has an inwardly 
stepped portion 144 complementary to the recess 140. The recess 140 receives the 
stepped portion 144 when the armature 128 moves fi-om the closed position to the 
fully open position. A biasing spring 146 is placed about the stepped portion 144 
and engages the corresponding ends of the armature 128 and core element 142. The 
biasing spring 146 resiliently biases the armature 128 in the closed position such that 
the valve ball 138 is firmly seated in the valve seat 117, thereby preventing fluid 
fi:om flowing firom the inlet fluid passage 1 15 to the outlet fluid passages 1 1 8. 
Alternatively, the biasing spring 146 may be replaced by a spring (not shown) 
disposed in an axial bore (not shown) formed in either the core element 142 or the 
armature 128. 

Axial troughs 148 are formed along the perimeter of the armature 128 for 
providing a fluid passageway between the ends 130, 132 of the armature 128. The 
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troughs 148 prevent a fluid lock-up condition inhibiting the rapid displacement of the 
armature 128. 

The control valve 109 further includes a solenoid subassembly indicated 
generally at 150. The solenoid subassembly 150 includes a cylindrical casing 152 
5 that is open at one end and having a tumed-in flange 154 at the other end. A coil 
156 is disposed in the casing 152. The coil 156 is shown wound upon a bobbin 157, 
but may used without the bobbin 157. When energized, the coil 156 induces a 
magnetic field between the armature 128 and the core element 142 for moving the 
armature 128 from the closed position to the fully open position. A flux ring 158 is 
10 pressed into the casing 152 adjacent to open end of the casing 152 for securing the 
bobbin 158. Winding terminals 160a and 160b extend outwardly through respective 
openings adjacent to the flange 154. The terminals 160a, 160b are adapted for 
coimection to the electronic module. 

The solenoid subassembly 150 is placed about the tube 134 and the portion of 
15 the core element 142 extending from the tube 134. The subassembly 150 is held in 
place by any desired known means. 

In operation, the electronic controller commands the pump 22 to cycle when 
the fluid pressure in the accumulator 28 falls below a predetermined working 
pressure. The pump 22 in turn transfers fluid from the fluid supply source 14 to the 
20 accumulator 28. The electronic confr oiler commands the pump 22 to cease cycling 
when the accumulator 28 is fully charged. 

In addition, the electronic controller commands the cutoff valve 32 to open 
and close for controlling fluid flow to the isolation valve 38. During non-braking 
events the cutoff valve 32 is closed, whereas during braking events the cutoff valve 
25 32 is opened. 

Additionally, the electronic controller, acting upon input signals received 
from the pressure sensors 17, 27 and various other control sensors (not shown) of 
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well-known types, selectively energizes and de-energizes the isolation valve 30 and 
the dump valve 44 during designated braking events. 

In employing the normally open control valve 48 as the isolation valve 30 or 
the dump valve 44, the electronic controller, when energizing the control valve 48, 
5 controls the amount of current suppHed to the coil 102 for the purpose of controlling 
the fluid pressure of the wheel brake assembly 16. Having been suppUed with a 
given current, the coil 102 induces a given magnetic flux between the magnetic pole 
member or valve body 50 and the armature 76. The given magnetic flux in turn 
generates a given magnetic force on the annature 76 that acts to move the armature 

1 0 76 from the fully open position toward the closed position. In addition to being 
dependent on the amount of current supplied to the coil 102, the magnetic force 
acting on the armature 76 is dependent on the distance between the frustum 63 and 
the recess 84. In moving from the ftdly open position to the closed position, the 
armature 76 works against the biasing spring 90 and the increasing pressure of fluid 

15 between the armature 76 and the valve body 50. Accordingly, the amount of 
movement of the armature 76 is a fimction of the magnetic force acting on the 
annature 76, the spring rate of the biasing spring 90 and the fluid pressure between 
the annature 76 and the valve body 50. 

As the armature 76 moves toward the closed position, the valve ball 88 

20 advances toward the valve seat 62, which in turn causes the flow rate from the inlet 
fluid passage 56 to the outiet fluid passages 64 to steadily decrease. When the 
armature 76 is positioned in the closed position, the valve ball 88 engages the valve 
seat 62, thereby blocking the flow of fluid from the inlet fluid passage 56 to the 
outiet fluid passages 64. When the normally open valve 48 is de-energized, the 

25 biasing spring 90 forces the annature 76 to return to the fully opened position. 

In employing the normally closed control valve 109 as the isolation valve 30 
or the dump valve 44, the electronic confroller, when energizing the confrol valve 
109, confrols the amount of cmrent supplied to the coil 156 for the purpose of 
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controlling the fluid pressure of the wheel brake assembly 16. Having been supplied 
with a given current, the coil 156 induces a given magnetic flux between the 
magnetic pole member or core element 142 and the armature 128. The given 
magnetic flux in turn generates a given magnetic force on the armature 128 that acts 
5 to move the armature 128 from the closed position toward the fully open position. In 
addition to being dependent on the amount of current supplied to the coil 156, the 
magnetic force acting on the armature 128 is dependent on the distance between the 
stepped portion 144 and the recess 140. In moving from the closed position to the 
fully open position, the armature 128 works against the biasing spring 146 and the 
10 decreasing pressure of the fluid between the armature 128 and the valve body 110. 
Accordingly, the amount of movement of the armature 128 is a function of the 
magnetic force acting on the armature 128, the spring rate of the biasing spring 146 
and the fluid pressure between the armature 128 and the valve body 1 10. 

As the armature 128 moves toward the fully open position, the valve ball 138 
15 retreats from the valve seat 117, which in turn causes the flow rate from the inlet 
passage 1 15 to the outlet flow passages 1 18 to steadily increase. When the normally 
closed confrol valve 36 is de-energized, the biasing spring 156 forces the armature 
128 to return to the closed position. 

When the isolation valve 38 is open, pressurized fluid is transferred from the 
20 accumulator 28 to the wheel brake assembly 16 through the inlet fluid passage 56 
and the outlet fluid passages 64. When the dump valve 44 is open, fluid is 
transferred from the wheel brake assembly 16 to the fluid supply source 14 through 
the inlet fluid passage 1 15 and the outlet passages 118. 

In the embodiment shown in FIG. 2, the recess 84 of the armature 76 receives 
25 the fiustum 63 of the valve body 50. Alternatively, the orientation of the frustum 63 
and the recess 84 may be reversed. Specifically, FIG. 4 shows a normally open 
control valve 48' including a valve body 50' having a recess 84' formed at one end. 
The control valve 48' further includes an armature 76' having a frustum 63' formed at 
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an end adjacent to the recess 84', As with the control valve 48 shown in FIG. 2, the 
firustum 63' is complementary of the recess 84'. 

Similarly, with respect to the normally closed valve 109, the male and female 
orientation of the corresponding ends of the aimature 128 and the core element 142 
5 may be reversed. 

In addition, while the corresponding or mating ends of the valve bodies 50 
and 50' and the armatures 76 and 76' are shown as complementary cone shapes, the 
mating ends may be any desired shape such as cylindrical, square or the like. 
Moreover, while it is preferable the mating ends be complementary they need not be. 
10 Likewise, the mating ends of the armature 128 and the core element 142 may be any 
desired shapes whether complementary or not. 
2 An important feature is that the armature 76, 76', 128 and corresponding 

magnetic pole member 50, 50', 142 are receivable in one or the other. The purpose 
of such constructions is to provide an overlapping arrangement between the armature 
t^, 15 76, 76', 128 and corresponding magnetic pole member 50, 50', 142 as the 
" armature76, 76', 128 moves between the open and closed positions. This 

overlapping arrangement in turn provides for a more gradual change in the magnetic 
; force acting upon the armature 76, 76', 128 as the armature 76, 76', 128 is displaced 

1 relative to the corresponding magnetic pole member 50, 50', 142 when compared to 

20 a valve structure absent the overlapping arrangement. A flatter magnetic force 
versus displacement curve provides for smoother controlled movement of the 
armature 76, 76', 128, thereby reducmg the noise and vibration levels of the isolation 
valve 38, 38' and dump valve 44 as compared to conventional isolation and dump 
valves. 

25 A second embodiment of a normally closed control valve is indicated 

generally at 200 in FIG. 5. The control valve 200 can be used as the isolation valve 
38 and/or the dump valve 44 in the brake system 10 of FIG. 1. The control valve 
200 includes a seat or valve body 202 mounted in the housing 18. An adapter 204 
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has a lower annular flange 206 that is crimped onto the seat 202 to retain the adapter 
204 thereto. An annular filter assembly 208 is fitted about the adapter 204 and seat 
202. 

An armature 210 is slidably disposed in a tube or sleeve 212. A ball 213 is 
5 pressed into an axial bore 214 formed in the armature 210. A cross hole 216 is 
formed in the armature 210 in fluid communication with the axial bore 214. A first 
end of a spring 218 engages an insert 220 disposed in a cavity in the armature 210. 
A second end of the spring 218 is fitted about an extension 222 formed on a 
magnetic pole member 224. A solenoid subassembly 226 is fitted over the pole 

10 member 224 and sleeve 212. Upon energization, the solenoid subassembly 226 

produces an electromagnetic force that urges the armature 210 against the spring 218 
toward the pole member 224 to open the control valve 200. 

The pole member 224 has an inwardly stepped portion 228 complementary to 
a recess 230 formed in the armature 212. The recess 230 receives the stepped 

15 portion 228 when the armature 212 moves fi-om a closed position to an open 

position. The magnetic force acting on the armature 212 is dependent upon current 
supphed to the solenoid subassembly 226 and the distance between the stepped 
portion 228 and the recess 230. 

A third embodinient of a normally closed control valve is indicated generally 

20 at 300 in FIG. 6. The control valve 300 can be used as the isolation valve 38 and/or 
the dump valve 44 in the brake system 10 of FIG. 1. The control valve 300 includes 
a seat or valve body 302 mounted in the housing 18. An adapter 304 has a lower 
annular flange 306 that is crimped onto the seat 302 to retain the adapter 304 thereto. 
An annular filter assembly (not illustrated) can be fitted about the adapter 304 and 

25 seat 302. 

An armature 3 10 is shdably disposed in a tube or sleeve 3 12. A ball 3 13 is 
pressed into an axial bore 3 14 formed in the armature 3 10. A cross hole 3 16 is 
formed in the armature 3 10 in fluid commimication with the axial bore 3 14. A first 
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end of a spring 318 engages the armature 310. A second end of the spring 318 is 
fitted about an extension 322 formed on a magnetic pole member 324. A solenoid 
subassembly 326 is fitted over the pole member 324 and sleeve 3 12. Upon 
energization, the solenoid subassembly 326 produces an electromagnetic force that 
5 urges the armature 310 against the spring 318 toward the pole member 324 to open 
the control valve 300. 

The pole member 324 has a series of inwardly stepped portions. In the 
embodiment of FIG. 6, a first stepped portion 325 and a second stepped portion 326 
are shown. A recess 330 is formed in the armature 3 10. The recess 330 is 

1 0 complementary to and receives the stepped portions 325 and 326 when the armature 
3 10 moves from a closed position to an open position. Preferably, the recess 330 
includes a first stepped portion 332 and a second stepped portion 334. This "double 
step" formed between the pole member 324 and the armature 310 increases the air 
gap area in the control valve 300 so that its output force is increased without 

15 increasing the size of the control valve 300. The increased axial force provided by 
this construction can permit the size of a control valve 300 to be reduced and still 
provide a desired output force. 

Proportional solenoids with cylindrical lateral magnetic gaps can be designed 
to have magnetic output forces that are reasonably constant over their operating 

20 travel range. This allows stable operation and minirnized the effects of axial 
tolerances of the parts. The permeance and axial force of this type of lateral 
magnetic gap are described by the following equations: 

( 1 ) P - — P = permeance of lateral gap 

g 

p. ^permeability of medium in gap 

25 (2) F_,=1(M)^^ S= flux area 

2 dx 

g = lateral clearance gap 
(3) F axial = -—{Niy ~ F axial = axial force due to radial gap 
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M = magnetomotive force 

X = travel of armature relative to stationary pole 
member 



5 To increase the output force of these solenoids or to decrease their current draw or 
power consumption, it usually is necessary to increase the diameter of the amature 
and thus the outer diameter of the solenoid. Generally, this is an unacceptable 
adjustment to the size of the solenoid. The dual stepped radial air gaps increase the 
air gap area and the 5 S/ 6 x term in the axial force equation. This allows the output 

1 0 force of the solenoid to be significantly increased without increasing the size of the 
solenoid. Alternatively, the outer diameter of the solenoid could be decreased or the 
current draw or power consumption reduced. In one demonstrative case, a flat force 
versus travel curve for a proportional control valve with dual lateral pole showed an 
increase of twenty-one percent (21%) of output force compared to a valve with a 

15 single pole. 

A third embodiment of a normally open control valve is indicated generally at 
400 in FIG. 8. The control valve 400 can be used as the isolation valve 38 and/or the 
dump valve 44 in the brake system 10 of FIG. 1. The control valve 400 includes a 
seat or valve body 402 mounted in the housing 18. An adapter 404 has a lower 

20 annular recess 406 that receives the seat 402 to retain the adapter 404 thereto. An 
annular filter (not illustrated) can be fitted about or into the seat 402. 

A pin 410 is slidably disposed in a bore 412 formed in the adapter 404. A 
fust ball 412 is pressed into a cavity 414 formed in a fust end of the pin 410. A 
second ball 413 is pressed into a cavity 415 formed in a second end of the pin 410. 

25 A cross hole 416 is formed in the seat 402 in fluid communication with an axial bore 
417 of the seat 402. A first end of a spring 418 engages the adapter 404. A second 
end of the spring 418 engages a stop 419 mounted on the pin 410. 
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An armature 424 is received in a closed tube 425 that is attached to the 
adapter 404. A solenoid subassembly 426 is fitted over tiie tube 425. Upon 
energization, the solenoid subassembly 426 produces an electromagnetic force that 
urges the armature 410 against the spring 418 toward the adapter 404 to close the 
control valve 400. 

The adapter 404 has a series of inwardly stepped portions. In the 
embodiment of FIG. 8, a first stepped portion 428 and a second stepped portion 429 
are shown. A recess 430 is formed in the armature 424. The recess 430 is 
complementary to and receives the stepped portions 428 and 429 when the armature 
424 moves fi-om an open position to a closed position. Preferably, the recess 430 
includes a first stepped portion 432 and a second stepped portion 434. This "double 
step" formed between the adapter 404 and the armature 424 increases the air gap 
area in the control valve 400 so that its output force is increased without increasing 
tihe size of the control valve 400. The increased axial force provided by this 
construction can permit the size of a control valve 400 to be reduced and stiU provide 
a desired output force. 

A fourth embodiment of a normally open control valve is indicated generally 
at 500 in FIG. 9. The control valve 500 can also be used as the dump valve 44 in the 
brake system 10 of FIG. 1, as described below. The control valve 500 includes a 
seat or valve body 502 mounted in the housing 18. 

A cross hole 5 16 is formed in the seat 502 in fluid communication with an 
axial bore 517 of the seat 502. An adapter 504 has a lower annular recess 506 that 
receives the seat 502 to retain the adapter 504 thereto. An inlet filter and an outiet 
annular filter are fitted about or into the seat 502. A bore 5 12 is formed through the 
adapter 504. A pin 5 10 is slidably disposed in the bore 5 12. A first ball 5 1 1 is 
pressed into a cavity 5 14 formed in a first end of the pin 5 10. A second ball 5 13 is 
pressed into a cavity 515 formed in the valve armature and connected to a second 
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end of the pin 510. A first end of a spring 518 engages the adapter 504. A second 
end of the spring 518 engages a stop 519 mounted on the pin 5 10. 

An armature 524 is received in a closed tube 525 that is attached to the 
adapter 504. A solenoid subassembly 526 is fitted over the tube 525. Upon 
5 energization, the solenoid subassembly 526 produces an electromagnetic force that 
urges the armature 524 towards the adapter 504. Moving the armature 524 towards 
the adapter 504 also urges the pin 5 10 toward the valve seat 502, so that the ball 5 1 1 
engages the seat to close the control valve 500. The movement of the pin 5 10 
towards the valve seat 502 compresses the spring 5 18. 

1 0 The adapter 504 has a series of inwardly stepped portions. In the 

embodiment of FIG. 9, and as more clearly seen in an enlarged portion shown in 
FIGS. 10 and 1 1, a first stepped portion 528 and a second stepped portion 529 are 
shown. A stepped recess 530 is formed in the armature 524. The recess 530 is 
substantially complementary to and generally receives the stepped portions 528 and 

15 529 when the armature 524 moves from an open position to a closed position, as 
shown in FIG. 1 1, described below. However, due to manufacturing tolerances and 
other factors, it is not required that the armature 524 and adapter 504 match each 
other perfectly. Preferably, the recess 530 includes a first stepped portion 532 and a 
second stepped portion 534. This "double step" formed between the adapter 504 

20 and the armature 524 increases the air gap area in the control valve 500 so that its 
output force is increased without increasing the size of the control valve 500. 
Specifically, a first air gap or flux gap 530a is defined between the step 532 of the 
armature 524 and the step 528 of the adapter 504, and a second flux gap 532a 
between the step 534 of the armature 524 and the step 529 of the adapter 504. The 

25 increased axial force provided by this construction can permit the size of the control 
valve 500 to be reduced and still provide a desired output force. This effect is 
preferably enhanced by a third flux gap 530b and is defined between the step 530 of 
the valve armature 524 and the flux ring or pole 501. The third gap herein is termed 
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a lateral gap. This "triple gap" system as a whole works to increase the overall force 
that is operating on the valve armature 524 while maintaining a relatively linear force 
versus displacement operating curve for the control valve system. 

Additionally, the third gap 530b can have an axial component, as shown m 
FIG. lOA. As shown in FIG. lOA, flux ring 501 is positioned at a lateral and axial 
distance from the armature 524. The valve 500 m FIG. lOA is shown in an open 
position with the third flux gap 530b represented by the space between the end of the 
armatiire 524 and the top of the pole 501. This third flux gap 530b can be termed an 
ajdal gap. The double gap portion remains as defined between the steps 528, 529 of 
the adapter 504 and the steps 530, 532 of the armature 524. The armatiire 524 is 
preferably positioned axially distant from tiie pole 501 so that axial forces due to the 
axial flux gap are relatively small relative to tiie axial force due to the lateral gaps. 

The armature 524 has been shown having a generally concave shape with the 
armature 524 recessed to fit over the pole piece. In an alternate embodiment the 
adapter can be recessed such that it can receive the armature, hi either embodiment, 
the magnetic effect desired by the flux gap design is not changed by the use of a 
recessed armature or a recessed adapter. 

Previously, a proportional solenoid valve with a high output stepped armature 
was proposed and disclosed and has been implemented. The dual stepped radial air 
gap increased the air gap area and the dS/dn. term in the axial force equation. This 
allowed the output force of the solenoid to be significantly increased without 
increasing the size of the solenoid. In this proposed new design, the flux ring tube 
section was extended upwards to form an external third lateral gap. This third lateral 
gap adds another 5 S/ a x term to the axial force equation, thereby further increasing 
the axial output force without increasing the size of the solenoid. This concept has 
been described with respect to a normally open proportional solenoid valve however 
this design can similarly e adapted to a normally closed proportional solenoid valve. 
The use of this design concept creates a low cost or no cost method to fiirther 
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increase EHB output force or decrease current consumption and heating without 
changing solenoid size. Additionally, a flat force versus travel curve for a 
proportional control valve with triple lateral pole showed an increase of twelve 
percent (12%) of output force compared to a valve with a dual pole. Compounding 
this increase in force with the increase on force by using a double pole results in a 
total increase in force of output force of thirty-six percent (36%) over the output 
force of a single pole. 

Shown in FIG. 11 is an enlarged portion of the embodiment of FIG. 9. In 
FIG. 1 1, the gap 530 between the adapter steps 528, 529 and the armature steps 532, 
534 is reduced in that the normally open proportional valve is in an energized and 
closed position. In this position, the stepped portions 532, 534 of the armature 524 
are moved closer to the generally complementary stepped portions 528 and 529 of 
the adapter 504, thereby reducing the gap 530. 

In the embodiment shown in FIG. 9, the ball 5 1 1 is sized relative to the bore 
5 12 so that the ball 5 1 1 is small enough to effectively self-center and thus seal in the 
bore in the valve seat 502. This helps ensure that the ball 5 1 1 is maintained in 
position over the valve opening despite hydraulic flow variation arotrnd the surface 
of the ball 511. While the lateral movement of the pin should be nunimal using 
appropriate manufacturing tolerances, the design of this embodiment will allow 
prompt re-sealing of the ball 5 1 1 onto the bore in the valve seat 502. When the 
solenoid subassembly 526 is energized, the spring 5 1 8 will exert a sufficient force 
that the ball 5 1 1 to seal against the seat 502 against a maximum design pressure. 

The shape of the seat 502, is preferably conical, and can mininiize the flow 
forces on the portion that contacts the seat 502. The seating surface of the valve seat 
502, is raised and is a generally planar surface. On either side of the upper planar 
surface of the valve seat 502, are angled side surface tiiat extend into contact witii a 
lower planar surface thereby forming the conically shaped valve seat 502. In this 
embodiment, the pin 510 and ball 511 assembly contacts and seals against the valve 



21 



seat 502. In an alternate embodiment, such as that shown in FIG. 5, the valve 
armature 224 contacts that valve seat 210. One purpose for shaping the seat in such 
a manner is to minimize flow noise during routine valve operation. Where the 
material surrounding the seating surface is angled away from the armature or pin, the 
5 contact area is minimized thereby reducing the area over which flow forces can act. 
A seat shaped in this manner therefore tends to control of the valve by miniinizing 
Bernoulli effects (flow forces) acting on the movable parts of the valve. The 
reduction in flow forces diminishes the deviation in the amount of magnetic force 
applied to the armature from a proscribed amount to maintain a proportional 

10 relationship between the force applied and the distance traveled by the armature 524. 
Additionally, the use of the pin 5 10 acts to separate the magnetic operations in the 
upper part of the valve 500 from the hydrauhc operations in the lower part. 

A fifth embodiment of a normally open control valve is indicated generally at 
500' in FIG. 12. The control valve 500' is substantially similar to the valve shown in 

15 FIG. 9. In a preferred embodiment, however, the valve 500' has a pin guide system 
540. The pin guide system 540 will allow the valve to maintain alignment of the pin 
5 10 with the bore on the valve seat 502. The pin 5 10 is radially supported by the pin 
guide 540 at the lower end of the pin 5 10. This ensui es that the ball 5 1 1 is 
maintained in position over the valve opening in the valve seat 502 despite hydrauhc 

20 flow variation around the surface of the ball 511. Due to the constraints of the pin 
guide 540, the pin 510 can pivot only at the second ball 5 13 at the armature 524. In 
this embodiment it is also preferred that the pin guide 540 engages the seat 502 as a 
separate piece. Additionally, the adapter materials are selected for a good magnetic 
performance whereas the seat materials are generally selected based on durability 

25 and other performance traits. 

In any of the embodiments described above, and particularly those shown in 
FIGS. 9 through 12, it is preferred that the upper part of the armature 524 is centered 
and weU-guided within the magnetic coil to minimize side loading and to maintain 
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repeatable performance. This may be accomplished with a close tolerance gap 
between the armature 524 and sleeve 525. The use of a low-fiiction material on the 
armature and other elements further allows for ease of movement of those elements. 
Particularly, a low-fiiction coating such as "NIFLOR" can be used. The use of such 
5 a coating can also be used on the armature 524, pin 510 and other moving parts of 
the valve 500 and 500'. 

Additionally, in the embodiments described and shown above in FIGS. 9 
through 12, the valve 500, 500' has been shown as a normally-open valve. However, 
with minor adjustments, the valve can be used as a normally-closed valve. In 

10 particular, the spring 518 could be removed and another spring could be disposed 
between the stop 5 19 and the adapter 504. The spring could then bias the pia 5 10 
and ball 511 towards the valve seat 502. Using the valve in a normally-open or 
normally-closed position does not depart fiom the scope of the invention in that the 
advantages of the valves 500 and 500', such as the "double-step" or "triple-gap" 

15 design, still apply. 

hi accordance with the provisions of the patent statutes, the principle and 
mode of operation of this invention have been explained and illustrated in its 
prefeiTcd embodiments. However, it must be understood that this invention may be 
practiced otherwise than as specifically explained and illustrated without departing 

20 fi:om its spirit or scope. 
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